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Acid mucopolysaecharides are present in
normal human urine in quantities about 2 mg per
day expressed as glucuronic acid (1, 2). However,
the methods for estimation of glucuronic acid
are not exact, because other carbohydrate com-
pounds like hexose and hexosamine (both com-
ponents of acid mucopolysaccharidcs) may give
rise to a false color reaction, as demonstrated by
Schultze, Schmidtberger and Haupt (3). Further-
more, glucuronic acid-containing carbohydrate
moieties of glycoproteins similar to acid muco-
polysaccharidcs are excreted in the urije (4). By
qualitative determination, besides the more or
less unknown polysaccharides, normal urine
seems to contain both chondroitin sulfate A and/
or C and heparitin sulfate (2).
In pathological conditions the amount of acid
mucopolysaccharides excreted in the urine may
be increased and their type changed. From a
theoretical point of view the pathological ex-
cretion of acid mucopolysaccharides must depend
either upon an increased and/or a changed syn-
thesis of these compounds as in certain inborn
metabolic errors, e.g. Hurler's and Morquio-
Ullrich's disease (5). A pathological excretion can
also be caused by an increased tissue destruction
like in coronary infarctions or bacterial infections
(6).
Mast cells are known to produce the acid
mucopolysaccharides heparin (7) and hyaluronic
acid (8, 9), and, besides, histamine (10).
It is reasonable to assume that in mastocytosis
the pathological excretion of acid mucopoly-
saccharides previously found by Asboe-Hansen
and Clauscn (11) originates from the active
release of acid mucopolysaccharides by the mast
cells, insofar as such release is associated with a
decrease in the granularity of these cells (12, 13,
14, 15).
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The data of the present communication demon-
strate the usefulness of paper electrophoresis and
infrared analysis as laboratory tools in the diag-
nosis of mastocytosis.
MATNRIAL
12 patients with clinically verified mastocytosis
were the objects of the following biochemical in-
vestigation. Clinically, all 12 patients showed a
widespread eruption of brown-pigmented macules
with mast cell infiltrations as a characteristic
microscopic finding. Two were of the tclangiccta-
sia macularis cruptiva pcrstans type. One showed
diffuse infiltration of the skin with blisters, and
dcrmal accumulation of mast cells. After stroking,
the skin lesions became urticarial. Internal dis-
orders, which may accompany urticaria pigmcn-
tosa, were seen only exceptionally. Thus, X-ray
studies revealed no bone lesions. There were no
gastrointestinal disorders or coagulation abnor-
malities. Hcpato-splenomegaly was seen in one
case (Table I).
METHOn5
Urinary samples were collected over a period of
24 hours. The urine was filtered through a What-
man no. 1 filter and concentrated 100 times by
means of vacuum dialysis, as previously described
(11). The acid mucopolysaccharides were demon-
strated by means of paper elcctrophorcsis, in
vcronal buffer pH = 8.6, ionic strength = 0.05 M.
Alcian blue was used for staining (11). The acid
mucopolysaccharides were also demonstrated in a
0.5 M LiC1 solution (pH = 2.8), as described by
Foster and Pearce (16), followed by Alcian blue
staining. The last-mentioned method was recently
preferred as screening test, because it provided a
better separation of hcparin and chondroit in sulfate
from hyaluronic acid than the first-mentioned
method. The reason is that hyaluronic acid in its
genuine form does not migrate at pH = 2.8.
Infrared analysis was performed by means of
the KBr disk technic as described by Ashoc-
Hansen and Clauscn (11) and Clausca, Dyggvc
and Melchior (17). The acid mucopolysaccharidcs
were isolated by means of ethanol precipitation or
by preparative elcctrophorcsis in pevicon C 870
as described by Clausen and Rosenkast (18),
Clauscn and Hansen (19), and Clauscn, Dyggve
and Mclchior (17). Every fraction obtained was
controlled electrophoretically and by infrared
aaalysis.
Skin lesions of nine patients were analyzed for
histamine by spectrofiuorometry by Dr. Hugh
Zachariac (20).
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RESULTS
Paper electrophoresis was undertaken on
solutions of chondroitin sulfate from bovine
nasal septum (SIGMA; lot no. C 79-53) dissolved
in saline with 10 M1 on paper. It was found that
below a coneentratioa of 6 mg per liter chon-
droitin sulfate could not be detected. Further-
more, it was found that above this amount no
linear relationship existed between the amount of
chondroitin sulfate applied on paper and the
amount of Alcian blue that was bound to the
chondroitin sulfate as estimated by scanning. By
means of the dilution method known from im-
munological procedures, the amount of acid
mucopolysaccharide excreted can be semiquanti-
tatively estimated. Fig. 1 and Table I demon-
strate the findings of acid mucopolysaccharides
Fjcj. 1. Paper electrophoresis of 100 times con-
centrated urine from case A.V. The electrophore-
sis was performed in LiC1 solution at pH 2.8 with
chondroitin sulfate from bovine nasal septum(SIGMA; lot no. C 79-53) as marker (right). Two
bands are found in the patient's urine (left),
one with mobility like chondroitin sulfate and
one cathodical of this fraction, indicating hyalu-
ronic acid.
in urines from 12 cases of mastocytosis. In 10
out of 12 cases, two fractions of acid muco-
polysaccharides were found in the urine, one with
a migration rate as chondroitin sulfate and one
with a somewhat slower rate, but faster than
hyaluronic acid in its genuine form. In one case
(C. R.), an adult woman with telangiectasia
macularis eruptiva perstans, only one fraction,
migrating like chondroitin sulfate was found. In
one 1 year old girl only hyaluronic acid could be
demonstrated.
Earlier experiments, based upon isolation of
the acid mucopolysaccharides, disclosed the in-
frared spectrum of the faster moving fraction
to correspond with chondroitin sulfate, probably
of type B. This fraction flocculated between 15
and 25 per cent ethanol and gave an absorption
band at 1240 and in the finger print area at 920,
850, 820 and 712 cm1 (11). Furthermore it was
reported that, in one case of mastocytosis, an
Alcian blue positive fraction precipitating be-
tween 60 and 70 per cent ethanol could be iso-
lated. Detailed investigations on the flocculation
limits for the acid mucopolysaccharides excreted
in the urines of eleven of these twelve patients
showed that the slower moving fraction variably
precipitated in an interval between 50 and 70
per cent ethanol. This fraction revealed two
distinct peaks at 880 and 850 cm1 in the in-
frared spectrogram. In no case, however, ab-
sorption bands were found at 1240 cm1 (the
sulfate S = 0 stretching vibration band. See fig.
2).
Hyaluronic acid, dissolved in an acetate buffer
(pH = 5.0), ionic strength = 0.05 M, obtained
from bovine corpus vitreum, umbilical cord or
synovia showed a slowly or a non-migrating
fraction on paper electrophoresis at pH = 2.8
(LiC1 solution). On infrared spectroscopy there
was no band at 1240 em' and no distinct band
in the finger print area.
If normal sterile urine (pH = 4.5) was added
in an equal proportion to a one per cent
hyaluronic acid solution and incubated for eight
hours at 37° C, or if the hyaluronic acid solution
was dried on a steam bath, two distinct absorp-
tion bands appeared at 880 and at 850 em'.
Thus, the spectrum was identical with that
described above. However, if the hyaluronic acid
solution was treated with normal urine heated
to the boiling point for a quarter of an hour, no
change was observed in the hyaluronic acid.
a I
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TABLE I
Paper clectrophoresis of the altered hyaluronie
acid revealed two fractions. The main bulk of the
material migrated cathodically of the chondro-
itiu sulfate, while the minor part corresponded
in mobility to this fraction.
In elcctrophoresis, heparin migrates con-
siderably faster than chondroitin sulfate, and it
has a specific infrared spectrum. No trace of
hcparin could be demonstrated in these urines,
either by paper elcctrophorcsis or by infrared
analysis (See 11).
The skin lesions from eight patients showed an
increased content of histamine (Table I).
DISCUSSION
In accordance with our previous publications of
cases of mastocytosis with urinary excretion
of acid mucopolysaccharides (11, 15), the present
study of twelve cases confirms that this disease
is associated with urinary excretion of one or
two acid mucopolysaccharides. One fraction
consists of chondroitin sulfate, most probably of
type B, and, in all of these cases but one, a
fraction was found, which was identical with
chemically changed (depolymcrized?) hyaluronic
acid. These findings were established in in vitro
experiments by heating and by exposure to a
thermolabile factor present in normal human
urine.
Based upon the present data it was found that
paper clcctrophorcsis of 100 times concentrated
urine stained for acid mucopolysaccharidcs with
Alcian blue can be used as a screening test for
these compounds. The sensitivity of the method
is too low to disclose normally occurring acid
mucopolysaccharides below 4 mg per day, where-
as pathological amounts may be determined.
Like the toluidine blue staining method (see the
survey of Pearse, 21) the Alcian blue method
used in the present communication does not
imply stoichiometrical uptake of the stain, Thus,
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acid has also been found in urine. Clausen et al
(17) demonstrated that hyaluronic acid can be
split into two subfractions with different mo-
bility, one of them migrating as chondroitin
sulfate, the other slightly cathodically of this
fraction.
Therefore, the possibility that the chondroitin
sulfate fraction found in urine of eleven of these
patients with mastocytosis contains traces of
altered hyaluronie acid cannot be excluded.
These studies also stress the fact that a fast
migrating acid mucopolysaceharide fraction at
pH 2.8 can not be identified eleetrophoretically
without a succeeding infrared analysis of the
isolated fraction.
SUMMARY
FIG. 2. A: The finger print area of the slower-
moving fraction, visualized in Fig. 1, isolated by
ethanol fractionation (see text). B: The finger
print area of altered hyaluronie acid, obtained by
heating a 5% hyaluronic acid in saline at 100°C
for 10 minutes. In both A and B the specific ab-
sorption bands at 880 and 850 em can be seen.
it provides no possibility of quantitative estima-
tion of acid mucopolysaceharides.
Paper electrophoresis is insufficient for exact
identification of acid mucopolysaecharides, be-
cause human urine contains a thermolabile
factor which has the capacity of changing the
mobility of hyaluronie acid from a non-migrating
fraction (pH = 2.8) to a fraction with a mobility
slightly eathodieal of the ehondroitin sulfate
fraction, and partially overlapping this fraction.
An exact identification can be performed by
isolation of this fraction by means of preparative
eleetrophoresis or flocculation with ethanol
followed by infrared analysis of the isolated
fraction. The depolymerized hyaluronie acid was
characterized by distinct absorption bands in
the finger print area at 880 and 850 cm.
In mucopolysaceharidoses (Hurler's and Mor-
quio-Ullrieh's diseases) depolymerized hyaluronie
Twelve patients with mastoeytosis (urtiearia
pigmentosa) characterized by typical macular
brown-pigmented skin lesions or diffuse cutaneous
infiltration with mast cell accumulation in the
dermis were studied for excretion of mast cell
products.
Paper eleetrophoresis of 100 times concen-
trated urine of 10 patients revealed two fractions,
stainable with Aleian blue. The mobility of the
fast-moving fraction and the absorption bands
in infrared analysis were identical with those of
ehondroitin sulfate. The slower-moving band was
demonstrated to be hyaluronie acid, character-
ized by two absorption bands in the finger print
area at 880 and 850 cm.
One adult patient excreted only one fraction,
identical with ehondroitin sulfate. One 1 year
old child excreted only hyaluronic acid.
No heparin was demonstrated in any of the
urine samples.
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